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ABSTRACT

The big-eMicacy of systemic fungicides viz., Metalaxyl, Fosetyl Af. Elhainfe, Oxadixyf and
Prepamocarb was evaluated for their effects on the different phases of Phytophthara capsiei. 0f -

these, first three fungicides along with Bardeaux mixture have been evaluated far thels efficacy
in checking the disease under field condilicns. Metalaxyl-Ziram and Fosetyl Al fungicides were
sugerior o Bardeaux mixture in reducing the disease. The results chiained ara discussed,

[NTRGDULCTION

Biack pepper (Piper nigrum L) oflen referred
to as 'King of Spices' is-an imporlant spice crop
cuitivaled over 1.58 lakh hectares in the South Incian
states of Kerala, Karnalaka and Tamil Nadu. Curing
1987-88. the counlry earned about Rs. 2400 miilions
by way of exports of this spice..

Otallthe maladies afllicting black pepper, infeclicn
caused by Phylophthora capsiciis the mosl destruclive.
The estimated losses due lo this disease range from
3.7 lo 9.4% of the crop correspending lo losses of
119 to 905 metric tonnes of the produce, in Calicut
and Kannogr districts of Kerala alone (Balakrishnan
el al, 1986 Anandzraj et al., 1989).

The present chemical control measures inciude
foliar spray and swabbing the collar portions of the
vineswith 12nd 10 per cenl Bordeaux mixiure respectively
besides drenching the soil either with 1% Bordeaux
mixlure or §.2% copper oxychloride. In view ¢of ihe
lack of host resistance among the popular cltivars
of black pegper, fungicides are the most important
means of disease control at present. However, the
protectants that are used fail to offer satisfactory control
of the disezsz quile cften mainly because of (i} the
soif-borne nature of the palhogen and its inaccessibility
lo fungicidal action because of survival in desper layers
of soii, infecling rocts and collar portions of the vine,

(ii) tess of fungicides zzplied lo soil and plant due
te 'eaching under heavyreinfall. and (i) severe.incidence
of the disease becausz of fast spreading pathogen,
congenial microclimale end availabilily of abundanl
suscep! lissue.

Systemic fungicices presently available againsl
Phytophihora diseases in olher crops are known to
be highly effective {Schwinn, 1983; Cohen and Colfey,
1986). However informeiizn available on the efficacies
of these fungicides inconlral,ing biack pepper Phylophihora
is highly inadequate. Tr2 objective of lhe present

_invesligalions is 1o eveizale the effect of some of

the available anti-oomyceie funigicides against P. capsici
both in vilre and Jn viva.

. MATERIALS AMD METHODS

The studies were conducled in three phases ;
| In vitro experiments
i, Theeffects ofsysienic fungicides on developmentat
stages cof P caosici
ii. Inflience of g on fungicidal activity
iii. Compatibility of metalaxyl with inseclicides
. {endosulfan and quinalphios) and nematicides -
{pherate and fu:adan).
il Green house experiments
. Theeflicacy of sysizmic fungicidesin Suppiessing
soil-borne inccuium.
ii. Effect of post-infzction treatment on fesion
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expansion,
Il. Field experiments

i. Theefficacy of ethazole, fosetyl-Al, melalaxy!

" and Bordeaux mixture in controlling infec-
tions of P. capsici.

ii. Persistence of metalaxyl in soii and planls
and its mability in soil

iii. Estimation of metaiaxyl residués in black

peppet.

| RESULTS AND DISCUSSION

In Vitro Studies
i. Effect on mycelial growth

The inhibilory effects of five fungicides namely
elhazole, fosetyl-Al, melalaxyl, oxadixy! and propamocarh
on differenl develcpmantal stages of the foot-rot pathogen,
P. capsici were sludied. Ethazole and metalaxyl were
the mos! effective fungicides on mycelial growth of
the fungus. Their ED,; vaiues were 0.73 and 1.02
ug/ml on cornmeal agar and 0.91 and 0.44 pg/ml
on carrot agar respectively. Though propamocart had
2 low ED,, value (1.16 pg/ml) on cornmeal agar, it
could nol complelely inhibit the growth of the fungus
even at 1000 pg/ml.  However, on carrot agar, its
ED,, and minimal ishibilion concenirations were quite
high (284 and > 1500 pg/ml).  The ED,, vaiues of
floselyle-Al and oxadixyl were 61 and 25. S_pg/ml on
cornmeal agar compared to 392 and 261.5 ug/ml an
carrot agar respectively.
varialions wilh regard to the fungitoxic activilies on
cornmeal agar and carrol agar, probably due lo the
differences in the nulrient status of these media.

Among ihe hyphal abnormalities isduced by

ihe fungicides the masl prominent were thickening,

excessive Dranching and coiling of hyphal lips. However,
with propamacarb, these abnormalities were not noticed.
The colonies of P. capsici were thick and puffy on
medium amenced with propamocarb.  Vacuolization
of hypha was also noticed in many £ases.

ii. Effect on asexual reproduction

In the presence of 160 ug/mfreach of metalaxyl,
fosetyl-Al and ethazole, the fungus failed to produce
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any sporangia. However, the subsequent slages of
the fungus namely indirec! germinalion of sporangia
and germinalion ofencysted zoospores were less sensilive
generally. Even at 1000 pg/mi cencentration, none
of the fungicides could inhibit zocscore release. The
inhibitory effect of foselyl-Al on zoaspore release Was
found superior to those of other fungicides at lower
test concentraticns. Similar sesults have been reported
by Farih &t al. (1981).

The fungicides ceuld induce many quatitalive

“changes {like indirect germization and rupluring of

sporangia). Direct germinalion and rupturing of sporangia
were very common in treatmeats wilh {osetyl-Al, oxadixy!
and ethazole. Al 10 pg/ml of fosaiyl-Al, about 90
percent of the sporangia germinaled dizectly. However,
spofangia were found.to be normel ia me talaxyl and
propamocard lreatments.

iii. Effect of pH on fungitoxicity

The activities of two of the fuagicides namely
fosely!-Af and propamocart were pH depandent. Fosetyl-
Al was less effective in the afkaline medium (pH 9-
10).  This phenomencn could be aiributed to the
inactivation of (he active.principle of fasety!-Al namely
phosphorous acid {Conenand Colfey, 1585). Propamocarh
the other hand was feund to losa ils fungitoxicity
in the acidic medium. These are in agreement wilh
the resulls obtained by Papavizas et af. (1978).

iv Cumpahbmty of metafaxyl with in-
SBCIICIdBS and nemahc:des

The pesticides commonly used in black pepper,
cultivation, viz., endosulfan znd quizaiphos showed
considerable fungitoxicily to mycelial growth ard
sperangiogenesis in P, capsici. The £0,, values for
myceliai growth of P. caosici were 56 and 52 g/
ml for endosulfan and 58 and 276 pg/sl for ginalphos

_incornmeal agar and carrol agar respectively. Sporangial

production was inhibited Dy 89.5 and 92.4 per-cenl
respectively at 150 ug/m! of endosulfan znd guinalphos.

The fungiloxic and insecticidz! properlies of
these chemicals individually and their mixtares in different
propertions were estimated through bis-assays using
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P. capsiciand the ‘pollu’ beetle Longitarsus nigripennis
as lest organisms. The results showsd no loss of
properties of either metalaxyl or the insecticides when
mixed. Metalaxyl showed synergistic inleraction with
endosulfan at 1:8 ratio, with regard te fungitoxicily,
whereas the ellec!s were additive with quihalphos (Table
l). The bio-assay using ‘pollu’ beetle - L. nigripennis
showed thai there was no loss in the insecticidal
properties of endesulfan and quinalphos as a result
of mixing with metalaxyl. At all the concentraticns
of the mixlures tested, morlalily of the insecls was
more than their morialily at corresponding concen-
trations of insecticides alone. GLC studies also further
confirmed the compatibiiity of these insecticides with
metalaxyl. Metalaxyl was also found compatible with
furadan and phorate which are used in the contro!
of nemaiode infeclions in black pepper.

1L tireen house experiments
i) Effect on soil-borne inoculum

Using a simple seedling bioassay procedure,
the eificacies of the systemic fungicides in suppressing
soil-borne inoculum of P. capsici were evaluated. Two
phenylamide fungicides, metalaxyt and oxadixyl were
found highly elfective when applied as soil drenches.
Metaizxyl at 160 pg/ml {constiluting 20 ngfg of dry

TableI.  Interaction of metalaxyl with endosulfan
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soi!) offered total protaction to black pepper seedlings
planted in fungicide-treated soil heavily contaminated
with P. capsici. The morizlity of sesdlings in soil
treated with 1000pug/ml of oxadixyl was only 5%. At
1000 wg/ml each of fosetyl-At and propamocash, the
seedling mortalities were- 7.5 and 40 per cent re-
spectively compared to 100 per cent mortality in
unireated conlrol. ..

ti. Effect of pnst~inieciian traatment
'with fungicides

None of the five fungicides could prevent the
expansion of lesions when applied on established lesions
of P. capsici on black papper leaves two days aller
inaculation. However, the highest inhibition of 87.9%
was oblained wilh melalaxyl al 200 pg/m! (Tabie i)
Foselyl-Al, ethazole, oxadixyl and propamocarb each
al 3000 pg/ml could inhibit the lesion expansion by
529 55.4, 47.3 and 47.9 per cent respectively. Cohen
et al. {1979) found that metalaxyl prevented the lesion
production only if applied one ortwo days afier inoculation.

. Field experiments

i} Field parformance of fungicides in
disease control

Experimenls were conducted at CPCRI Research

and guinalphos as shown by the fungitoxicity of the

mixtures to Phytophthora capsici in cornmeal agar

Ratios of lungicide ED ,, values (Hg/m}) Interaction Type of
and insecticide in the mixture Theoretical Observed ratios interaction
Metalaxyl +  Endosuifan _
1:1 2.00 2.01 0.99 additive
14 4.75 397 1.19 additive
1:8 8.02 . 450 1.78 synergistic
1:10 ' . 9.49 6.47 1.46 additve
Metalaxyl +  Quinalphos
: 11 200 0.85 235  synergistic
14 4.88 223 2.19 synergistic
178 8.06 5.05 1.59 addiive
1:10 9.63 526 . 1.82 synergistic

ED,, values of metalaxyl = 1.02 ug/ml; endosulfan = 56

1 pg/ml; quinalphos = 58.4 wg/ml.
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Table IL. Inhibiti(m(%)ot'lt:siunsofl’hyropr’zrhum
capsicionblack pepper leaves following
post-infection application of fungicides

Increase
Fungicide in mean
and lesion size Inhibilien
concentration (m.m.) (%)
(ug/ml) after 2 days}
Ethazoile
100 11.60 26.25
1000 9.76 37.95
2000 9.40 40.24
3000 7.00 5549
Fosctyl-Al
100 14.13 10.04
1000 11.35 27.84
2000 - 981 - 37.63
3000 7.40 52.95
Metalaxyl
1 11.70 25.61
10 11.72 25.49
100 6.93 _ 5594
200 1.90 87.92 .
Oxadixy!
100 13.09 16.78
1000 11.68 2572
2000 3.36 43.64
3000 827 47.39
Propamocarb
100 9.44 39,94
1000 9.05 42.46
2000 734 53.33
3000 8.18 47.99
Control 15.73 00.00

Centce, Kannara, Thrissoor district, and a private garden'
Thiruvambady in Kozhikede district to evaluate the

performance of metalaxy!-ziram, fosetyl-Al and elhazole

in comparison with Bordeaux mixlure in controiling

Phylophthora infecticns in black pepper tolh in puie '

¢rop and arecanul-black pepper mixed cropging systems
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during 1984-86. The inlensity of foliar infection and
mortality of ihe vines were the lowest in plants treated
wilh melalaxyl-ziram and foselyl-Al irrespective of the
cropping systems (Table Iil}. In mixed cropping system,
the mean percentages of vines dead were 1.66 and
3.51 in pianls treated with metalaxy!-ziram ang fosetyl-
Al compared to 11.08, 7.4 and 11.50 per cent in
vines lreated with ethazcle, Bordeaux mixture and untreated
conlrol respectively. in another expariment, soil apolication
of two doses of metalaxyl granules (5% a.i) namely
70 and 10 g per ving were compared with Bordeaux
mixture treatment, Application of mslalaxyl granules
at 20 gfvine resuiled io the lowest incidence (3.3%)
ol the disease compared to 17.8% and 27.5% incidence
in Bordeaux mixture treated and untreafed control picts
respeclively. ’

ii. Persistence of metalaxyl

Using bio-assay, the activily of metalaxyl was
delected in the soil and black pepper leaves at 10-
day inlervals ailerlreaimenl.Theactivilyollhe!ungicide
could bedelectedfnralongerpericdinieaves comgared
to that in soil. When applied al 40 gfvine, the activity
of the fungicide could be detected even afier 50 days
in the leaves whereas in soil, it was negligible afier
20 days (Table-IV). At the lower dose of 20 afvine,
the activity of the fungicide was noliced even ailer

30 days in leaves. However, in soil, its activily afies

20 days was not significant.  This might be due lo
the depletion of the fusgicide in the soil because.
of continuous uptake by the piant and also because
‘ol microbial degradation (Baitey and Colfey, 1986,
Zheng ef al., 1989). :

iil. Residee analysis

Séfnples of black pepper collecled‘from metalaxyl
“\realed vines. four and sixmonths aiter fungicide applicalion

" were analysed using gas chromategraphic proceduses.

The fungicide was not detectable in any of the samples.
This may be due to long lime interval between fungicide
.application and harvesl, low dose of fungicide applied,
and the hot and dry weather pravalent duting harvest
Season (Carbas et al., 1987).

Taking- info consideralion, the tow freguency
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Table III. Mortality of black pepper vines under different fungicidal treatments .wd:nstl’lurophrhorczcapsu't
at Kannara and Thiruvambady during 1983-1986

Mortality of vines (%)

Fungicide Kannara Thiruvambady

1934 1985 1986 Meaan 1984 1985 1986 Mean
Bordeaux mixture 5.0 5.60 11.60 . 740 (.00 - 6.60 6.85 4.48‘
Ethazole 5.0 5.60 22.67 11.09 - 0.00 6.66 5.30. 3.98
Fosetyl-Al 5.0 0.00 5.55 3.51 0.00 833 1.66 333
Metalaxyl ziram 0.0 0.00 500 1.66 1.60 0.00 0.00 0.53
Control 15.0 415 1560 11.50 3.33 15.70 2.08 7.03
SEm=2.74,CD ut 5% =782 SEm=2.06 CD at 5% = 5.83

Table IV, Persistence of metulaxylactivity in black pepper plants and in soil as shown by growth inhibition -

of Phytaphthora capsicivn leaves and on cornmeal agar (CMA) containing soil extracts

Duration after Lesion inhibition on leaves (%) Growth inhibition on CMA + soil extract (%)
treatment (days) 20 givine 40gfvine . 20g/vine 40gfvine
10 83.6 "87.3 45.03 45.33
20 65.2 ‘ 79.8 235 L '27.36
30 23.4 43.9 22 - 64
40 8.16 28.26 013 3.2
50 5.06 19.16 04 04

SEM=5.00 CDat5%=1476 SEm=4.64 CDuw5% =13.69

of applicaiion, high eflicacy in reducing the infecticns on the extent of loss due to quick will discase of
and absence of metalaxyl residues in detectable levels black pepper (Piper nigrum. L) in Calicut district
in black pepper, lhe use of metalaxyl-ziram has baea of Kerala. J. Piantn. Crops. 14 : 15-18.

suggesled as a major component ia the inlegraled

management of Phylophthorainfections in blzck pepper. CABRAS, P., MELONI, M. and PIRIS!, F.M. 1987. Pesticide

fate frem vine to wine, Rev. Eaviron. Contam. Toxico.

g a3-117.
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